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ATP6V1B1 regulates ovarian cancer progression and cisplatin
sensitivity through the mTOR/autophagy pathway
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Abstract

Early detection and effective chemotherapy for ovarian cancer, a serious gynecological malignancy, require further progress.
This study aimed to investigate the molecular mechanism of ATPase H*-Transporting V1 Subunit B1 (ATP6V1B1) in ovarian
cancer development and chemoresistance. Our data show that ATP6V1B1 is upregulated in ovarian cancer and correlated
with decreased progression-free survival. Gain- and loss-of-function experiments demonstrated that ATP6V1B1 promotes
the proliferation, migration, and invasion of ovarian cancer cells in vitro, while ATP6V1B1 knockout inhibits tumor growth
in vivo. In addition, knocking down ATP6V1B1 increases the sensitivity of ovarian cancer cells to cisplatin. Mechanistic
studies showed that ATP6V1B1 regulates the activation of the mTOR/autophagy pathway. Overall, our study confirmed the
oncogenic role of ATP6V1BI1 in ovarian cancer and revealed that ATP6V1B1 promotes ovarian cancer progression via the

mTOR/autophagy axis.

Keywords V-ATPase - ATP6V1B1 - mTOR - Autophagy - Cisplatin sensitivity - Ovarian cancer

Introduction

Ovarian cancer is one of the most prevalent malignant
tumors in gynecology. It is often difficult to detect in its
early stages due to the lack of effective screening methods,
leading to a high mortality rate. Ovarian cancer is the second
leading cause of mortality among gynecological tumors, fol-
lowed by cervical cancer. Epithelial ovarian cancer accounts
for more than 70% of all malignant ovarian tumors. Despite
continuous health care development, which has signifi-
cantly improved the 5-year survival rate for many cancer
patients, it is regrettable that, in comparison to the nearly
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85% 5-year survival rate for breast cancer patients, the sur-
vival rate for ovarian cancer patients has barely improved,
even in developed countries [1]. The primary treatment for
ovarian cancer is surgical removal of the tumor, platinum-
based chemotherapy, and targeted therapies. The objective of
chemotherapy is to induce DNA damage and the subsequent
death of cancer cells. However, many patients experience a
relapse due to chemotherapy resistance [2]. Targeted agents,
such as bevacizumab and PARP inhibitors, have emerged as
potential first-line or maintenance therapies [3]. Despite con-
siderable research efforts, the overall survival rate has not
shown marked improvement. Therefore, innovative molecu-
lar markers and insights into platinum resistance remain cru-
cial areas of research in the field of ovarian cancer.

The vacuolar-type H"-ATPase (V-ATPase) is a trans-
porter protein that is found in eukaryotic organelles, such as
vacuoles, lysosomes, and endosomes. V-ATPase is involved
in various physiological processes of the cell by regulat-
ing proton transport and signal transduction. Its role in
acidifying intracellular compartments and regulating sig-
nal transduction makes it an important player in maintain-
ing normal cell function [4]. Recently, the association of
V-ATPase with cancer has garnered substantial attention [5].
High expression of V-ATPase has been associated with poor
survival outcomes in patients with breast cancer, ovarian
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cancer, pancreatic cancer and esophageal cancer [6—-10].
Tumor cells exhibit a high expression of V-ATPase, which
maintains an internal alkaline and external acidic environ-
ment. An alkaline intracellular environment is conducive
to tumor cell proliferation, whereas an acidic extracellular
environment facilitates tumor cell invasion and migration
by enhancing protease and matrix metalloproteinase (MMP)
activity [11, 12]. ATPase H* Transporting V1 Subunit B1
(ATP6V1B1), also known as VATB, ATP6B1, RTA1B,
VPP3, and V-ATPase Subunit B1, is one of the three B subu-
nits of the V1 domain of V-ATPase. A study conducted by
Kulshrestha et al. [13] demonstrated that the ATPase-V0a2
enzyme is overexpressed in ovarian cancer cells and has the
capacity to enhance cellular resistance to cisplatin. However,
reports on the role of the V-ATPase V1 domain and its subu-
nits in ovarian cancer are scarce.

Autophagy is a cellular process whereby cells form a
bilayer membrane to remove damaged organelles, misfolded
proteins and other cytoplasmic components [14]. As a form
of nonprogrammed cell death, autophagy plays a multifac-
eted role in cancer; protective autophagy supports tumor
growth [15, 16], while lethal autophagy encourages tumor
cell apoptosis [17, 18]. Apoptosis is a type of programmed
cell death that directs cells to commit suicide in response
to external and internal stimuli [19]. Inducing apoptosis in
tumor cells or activating cell death-related pathways is one
of the strategies to inhibit the growth of tumor cells. The
Bcl-2 protein, which functions as a coregulator of apoptosis
and autophagy, has been demonstrated to link these two pro-
cesses. The ATPase enzyme is known to regulate autophagy
by altering the lysosomal environment, or by activating the
mTOR pathway [20].

A recent study has revealed that ATP6V1BI1 is overex-
pressed in ovarian cancer tissues and platinum-resistant
ovarian tissues. The role of ATP6V1B1 in regulating the cell
cycle is well established, but there is a dearth of information
regarding the mechanisms by which ATP6V1B1 affects cell
death and platinum resistance [21]. The objective of this
study was to investigate the potential role of ATP6V1B1
in the progression of ovarian cancer and its ability to regu-
late the mechanism of ovarian cancer cell death, to identify
insights and therapeutic targets for the diagnosis and treat-
ment of ovarian cancer.

Materials and methods

Tissue specimens

Ovarian tissue samples and paraffin-embedded specimens
were obtained from patients who underwent surgery at the

Department of Obstetrics and Gynecology, First Affiliated
Hospital of Guangxi Medical University, between 2019 and
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2023. All patients have signed a written informed consent
form and none of them received any chemotherapy, radio-
therapy or targeted therapy before surgery. Normal ovar-
ian specimens were obtained from patients who had uterine
myoma, adenomyosis or uterine prolapse. Twenty-four ovar-
ian tissue samples were utilized for PCR analysis. Thirty
other paraffin-embedded pathological specimens were sec-
tioned. All tissues were examined and diagnosed by experi-
enced pathologists from the Department of Pathology, First
Affiliated Hospital of Guangxi Medical University. This
study was approved by the Ethical Review Committee of
the First Affiliated Hospital of Guangxi Medical University.

Cell culture

The normal ovarian epithelial cell line IOSE80 and the ovar-
ian cancer cell lines SKOV-3, A2780 and CAOV3 were pur-
chased from the China Center for Type Culture Collection
(CCTCC, Wuhan, China). The cells were cultured in RPMI-
1640 medium, except for CAOV3 cells which were cultured
in RPMI-DMEM. Both culture media were enriched with
10% fetal bovine serum. All cells were cultured in an atmos-
phere containing 5% CO, at 37 °C. Once the cells reached
approximately 70-80% confluency, they were prepared and
plated for experimental purposes.

Cell transfection and grouping

Plasmid vectors expressing small hairpin RNA (shRNA) tar-
geting ATP6V1B1 and ATP6V1B1 overexpression vectors
were constructed (Miaolingbio, Wuhan, China). Cells in a
healthy growth state were harvested and seeded into 6-well
plates, at the following concentrations per well: SKOV3
(5% 10% and A2780 (1 x 10%). After incubation at 37 °C in
a 5% CO, incubator for 16 h, the cells were washed with
PBS and then transfected with the aforementioned plasmids
using Lipofectamine 3000 (Invitrogen, Carlsbad, California,
USA), following the manufacturer’s guidelines.

RNA extraction and quantitative PCR

RNA was extracted from both the ovarian tissues and the
cultured ovarian cancer cells utilizing a Total RNA Extrac-
tion Kit (Axygen, USA). Reverse transcription was then
performed to synthesize cDNA using the TaKaRa cDNA
Synthesis Kit (TaKaRa, Kusatsu, Japan). Quantitative real-
time PCR (RT-qPCR) was subsequently conducted with
TB Green Premix Ex Taqll (TaKaRa, Kusatsu, Japan) on a
CFX Touch Real-Time PCR Machine (Bio-Rad, USA). PCR
amplification was performed under the following thermal
cycling conditions: initial denaturation at 95 °C for 30 s,
followed by 40 cycles of 95 °C for 5 s and 60 °C for 30 s.
The sequences of primer used were as follows: ATP6V1B1:
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F: 5'-CCATGGAGATAGACAGCAGGC-3', R: 5'-TGGATG
GTGGTGTTGTTGC-3'; p-Actin: F: 5'-CCAACCGCGAGA
AGATGACC-3"; R: 5'-GAGTCCATCACGATGCCAGT-3".
The expression level of ATP6V1B1 was quantified relative
to that of B-actin, which served as the internal control for
normalization.

Cell proliferation and 1C5,

Cells exhibiting optimal growth conditions were seeded into
a 96-well cell culture plate at specific seeding densities of
2% 10% cells per well for SKOV3 cells and 1x 10* cells per
well for A2780 cells. The cells were incubated for 0, 24,
48, 72, or 96 h. Then 100 pL of serum-free 1640 medium
containing 10% CCK-8 solution was added to each well.
The absorbance of the cells at 450 nm was measured using a
Synergy H1 modular multimode microplate reader (BioTek,
USA), and the growth curve was plotted based on the optical
density (OD) values.

The steps used to determine the ICs, of cisplatin in cells
were the same as those described above, except that after the
cells were incubated in the plate for 24 h, a series of different
concentrations of cisplatin were added. The OD values were
then measured after 24 h of cisplatin treatment.

For the colony formation assay, cells were seeded into one
well of a 6-well plate to evaluate the influence of ATP6V1B1
on cell clonogenicity. To allow colony formation, the cells
were cultured for 14 days. The cell colonies were then fixed
with 4% paraformaldehyde for 30 min and stained with 0.5%
crystal violet for 15 min. The number of colonies was quan-
tified through counting.

Cell migration and invasion

Cells were seeded into plates and cultured for 24 h in an
incubator. Then a single wound was created using a 10 pL
pipette tip. Microscopy images were taken to record the dis-
tances between cells at 0, 24, or 48 h. For transwell assays,
cells suspended in serum-free medium were placed in the
upper chambers of transwell inserts (Biofil, Guangzhou,
China). The lower chamber was filled with 600 pL of com-
plete medium containing 10% FBS. After 24 h, noninvad-
ing cells were removed with cotton swabs. Invading cells
were fixed with 4% paraformaldehyde for 25 min and further
stained with 0.1% crystal violet for 15 min. The invasion
experiment was similar to the migration experiment, except
that Matrigel (BD Biosciences) was added to the upper
chamber.

Western blot analysis

Cells and tissues were lysed in RIPA buffer supple-
mented with 1% PMSF (Solarbio, Beijing, China). Protein

concentrations were quantified with a BCA Protein Assay
Kit (Beyotime, Shanghai, China). The proteins were sepa-
rated by SDS—polyacrylamide gel electrophoresis, and the
separated proteins were then transferred to a polyvinylidene
difluoride (PVDF) membrane (Millipore, Boston, MA,
USA). Then, the membranes were incubated with the fol-
lowing primary antibodies overnight at 4 °C: ATP6V1B1
(1:1000, Proteintech, Wuhan, China), B-actin (1:1000, Pro-
teintech, Wuhan, China), GAPDH (1:10,000, Proteintech,
Wuhan, China), mTOR/p-mTOR (1:1000, Abmart, Shang-
hai, China), P62 (1:2000, Abmart, Shanghai, China), LC3B
(1:2000, Abcam, Shanghai, China), Bax (1:1000, Abmart,
Shanghai, China), Bcl2 (1:1000, Abmart, Shanghai, China),
Caspase-3 (1:1000, Abmart, Shanghai, China), and Cleaved
Caspase-3 (1:1000, Abmart, Shanghai, China). The follow-
ing day, the membranes were incubated with an IgG second-
ary antibody (1:10,000, Invitrogen, USA) at room tempera-
ture. Signal visualization was achieved using an Odyssey
CLx (LI-COR, USA).

Immunohistochemistry

The paraffin sections were deparaffinized in xylene and dehy-
drated in alcohol, followed by antigen retrieval in sodium
citrate buffer. An UltraSensitive™ SP (mouse or rabbit) IHC
Kit (Maixin, Fuzhou, China) was used to block endogenous
peroxidase activity and the nonspecific staining of the sec-
tions. The tissue sections were incubated at 4 °C overnight
with the primary antibody, followed by incubation with the
biotin labeled secondary antibody the following day. The
staining procedure was conducted using a 3,3'-diaminoben-
zidine (DAB) kit (Maixin, Fuzhou, China), and the resulting
sections were photographed using a microscope.

Apoptosis assay

Cell apoptosis was analyzed using an Annexin V/propidium
iodide (PI) apoptosis detection kit (Multi Science, China) in
accordance with the manufacturer’s instructions. The cells
were incubated in cisplatin for 24 h, followed by staining
with Annexin V-APC and AAD. Flow cytometry data were
acquired using a BD Accuri C6 Plus and analyzed with
FlowJo 10.

Transmission electron microscopy

The cells were harvested and fixed with prechilled 2.5% glu-
taraldehyde fixative (Servicebio, Wuhan, China) for 24 h
at 4 °C. Subsequently, they were postfixed in 1% osmium
tetroxide. After postfixation, the cells were sequentially
dehydrated in graded acetone. The cells were then infil-
trated with Epon 812 resin and embedded. Ultrathin sec-
tions were cut with a diamond knife and stained with uranyl
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acetate and lead citrate. These sections were subsequently
examined under a JEM-1400-FLASH transmission electron
microscope for ultrastructural analysis.

Tumor xenograft model

Four-week-old female BALB/c-nu mice, weighing 15-18 g
were obtained from Vital River Company (Vital River,
Guangdong, China). Mice were housed at the Animal Exper-
imental Center of Guangxi Medical University. The mice
were randomly assigned to the SKOV3, shNC, shRNA-1 or
shRNA-2 group. All mice were administered a subcutaneous
injection of 5x 10° cells suspended in 0.1 mL of medium
devoid of FBS. The tumor became visible approximately
1-week postinoculation. Every 2 days, the minimum short
diameter (W) and maximum long diameter (L) of the tumors
were measured with a caliper. The tumor volume (V, in mm?)
was determined using the formula: V = (L x W?)/2. Twenty-
five days after implantation, the tumors were removed and
photographed. The in vivo experimental procedures were
approved by the Ethics Committee of Guangxi Medical
University.

Statistical analysis

Differential gene analysis was conducted using the GEPTA
platform, available at http://gepia.cancer-pku.cn/. Survival
curves were derived through the Kaplan—Meier method,
accessible on the Kaplan—Meier plotter platform at http://
kmplot.com/analysis/. KEGG pathway analysis was per-
formed via https://www.kegg.jp/. The data were analyzed
using GraphPad Prism and presented as the means + SD.
Comparisons between two samples were made using the
t-test, while comparisons between multiple groups were
performed via one-way ANOVA test. Significance was
determined at a P-value < 0.05, with the following designa-
tions: not significant (ns, P> 0.05), *P <0.05, **P <0.01,
and ***P <0.001).

Results

ATP6V1B1 is highly expressed in ovarian neoplasia
samples

As depicted in Fig. 1A, ATP6V1B1 levels were markedly
elevated in ovarian cancer (OC) samples compared with
nontumor. Furthermore, Kaplan—Meier plotter analysis
demonstrated that patients with higher ATP6V1B1 expres-
sion exhibited shorter progression-free survival (PES) times
than patients with lower ATP6V1B1 expression (Fig. 1B).
Here, we examined the expression of ATP6V1B1 mRNA
and protein in normal ovarian tissues, benign tumor tissues
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and OC tissues by RT—qPCR and immunohistochemistry
(IHC). Notably, ATP6V1B1 expression was greater in OC
tissues than in normal or benign tumor tissues (Fig. 1C,
D). We further compared ATP6V1B1 expression in normal
ovarian cells (IOSE80) with that in ovarian cancer cell lines
(A2780, SKOV3, CAOV3). Figure 1E, F show that, com-
pared to IOSES8O cells, ovarian cancer cell lines exhibited
significantly increased ATP6V1B1 transcript and protein
levels, exhibiting a 2.9- to 3.4-fold increase (P <0.05). The
above results indicate that ATP6V1B1 is overexpressed in
ovarian cancer.

Effects of ATP6V1B1 on the proliferation of ovarian
cancer cells

To investigate the role of ATP6V1BI1 in ovarian cancer,
we downregulated and upregulated ATP6V1BI1 expres-
sion in SKOV3 and A2780 cells, respectively. The stable
knockdown and overexpression efficiencies were verified
by RT—qPCR and Western blotting (Fig. 2A-D). Subse-
quently, we explored the impact of ATP6V1B1 on cancer
cell growth and proliferation using these cell lines. CCK-8
assays demonstrated that silencing ATP6V1B1 inhibited the
proliferation of both A2780 and SKOV3 cells. In contrast,
the overexpression of ATP6V1B1 increased the prolifera-
tion of cells (Fig. 2E). Colony formation assays revealed a
23-26% decrease in colony formation in SKOV3 cells and
a 32-41% reduction in colony formation in A2780 cells fol-
lowing ATP6V1B1 knockdown (Fig. 2F). In contrast, the
overexpression of ATP6V1B1 increased the colony forma-
tion ability of the cells (Fig. 2G). In summary, ATP6VIB1
can promote the proliferation of ovarian cancer cells.

Effects of ATP6V1B1 on the migration and invasion
of ovarian cancer cells

V-ATPase has been demonstrated to promote tumor cell
migration and invasion by enhancing MMP activity and
actin interactions. [22]. In our research, we investigated
whether ATP6V1B1 affects the migration and invasion of
ovarian cancer cells. Therefore, scratch healing and tran-
swell experiments were carried out. The wound-healing
assay results showed that, compared with the control,
ATP6V1B1 knockdown decreased the healing rate of the
scratch area in SKOV3 (Fig. 3A) and A2780 (Fig. 3B)
cells, while ATP6V1B1 overexpression increased the lat-
eral migration capacity of the cells compared to that of
the control group (Fig. 3C, D). Transwell assays revealed
that the number of migrating cells was reduced in the
ATP6V1B1 knockdown group, while the number of
migrating cells was increased in the ATP6VIB1 over-
expression group (Fig. 3E, F). Additionally, decreas-
ing ATP6V1B1 levels substantially reduced cancer cell
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Fig.1 The expression of ATP6VI1BI1 and its correlation with the
progression-free survival time of patients with ovarian cancer. A
Boxplot of ATP6VIB1 in ovarian cancer. TPM transcripts per mil-
lion. B Comparison of progression-free survival between patients
with high and low ATP6V1B1 expression by Kaplan—Meier plot-
ter. C Relative mRNA expression of ATP6V1BI1 in normal ovarian
tissue (n=9), benign tumor tissue (n=8) and ovarian cancer tissue

invasion through the Matrigel extracellular matrix in
both cell lines (Fig. 3G). The invasion of ovarian cancer
cells was enhanced by the overexpression of ATP6V1B1
(Fig. 3H). Differential expression was observed within
24 h in SKOV3 cells, whereas this difference was

(n=T7). D THC revealed ATP6V1B1 expression in normal ovarian
tissue (n=10), borderline tumor tissue (n=10) and ovarian cancer
tissue (n=10); magnification, X10, scale bar, 50 pm. E, F Relative
mRNA and protein expression of ATP6VIBI in the ovarian epithelial
cell line IOSE80 and the ovarian cancer cell lines A2780, SKOV3,
and CAOV3

observed after 48 h in A2780 cells. These findings sug-
gest that ATP6V1B1 knockdown hampers ovarian cancer
cell migration and invasion.
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Fig.2 ATP6VI1BI1 affects ovarian cancer cell proliferation. The
mRNA expression and protein expression levels of ATP6V1BI after
ATP6VI1BI silencing (A, B) and overexpression (C, D) in SKOV3

ATP6V1B1 affects the mTOR/autophagy pathway

Using the Kyoto Encyclopedia of Genes and Genomes
database (KEGG), we found that ATP6V1B1 is involved
in the mTOR signaling pathway and regulates autophagy.
V-ATPase regulates mTOR activity, affecting autophagy
[9]. The involvement of ATP6V1BI1 in regulating the cell
cycle of ovarian cancer has been established [21]. In this
study, our focus was on determining how ATP6V1B1 influ-
ences the cellular death process. TEM revealed no signif-
icant changes in the morphology of the control cells and
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and A2780 cells were detected using RT—qPCR and western blot
respectively. Cell viability was determined by CCK-8 assays (E) and
colony formation assays (F, G)

few autophagosomes were present. In contrast, cells in the
shRNA group had swollen rough endoplasmic reticula and
mitochondria and an increased number of autophagosomes
(Fig. 4A). We used Western blotting to determine the expres-
sion of LC3B and P62, which are important proteins in the
autophagy pathway. LC3II/I expression was increased and
P62 expression was decreased in the ATP6V1B1 knock-
down group (Fig. 4B); conversely, LC3II/I expression
was decreased and P62 expression was increased in the
ATP6VI1BI1 overexpression group (Fig. 4C). These results
indicated that ATP6V1B1 knockdown induces autophagy at
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Fig. 3 Interference with ATP6V1BI1 affects ovarian cancer cell migration and invasion ability. Cell migration ability was assessed using the
wound healing assay and Transwell assay (A—F). Cell invasion ability was detected using the Matrigel transwell assay (G, H)

the protein level in ovarian cancer cells. The V1 domain of  but an increase in the levels of p-mTOR in the ATP6V1B1
V-ATPase interacts with Rheb and the Ragulator complex,  overexpression group (Fig. 4E). The overexpression of
which affects the activation of mTORC1 [23]. Our results ~ ATP6V1B1 promoted the expression of p-mTOR and P62 in
showed a decrease in the levels of phosphorylated mMTOR  SKOV3 cells, and this effect was abolished by the adminis-
(p-mTOR) in the ATP6V1B1 knockdown group (Fig. 4D), tration of the mTOR inhibitor rapamycin (RAPA) (Fig. 4F).
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The results of the colony formation and Transwell assays
also indicated that the promotion of cell proliferation and
migration by overexpression of ATP6V1B1 was lost when
the rapamycin was used (Fig. 4G, H). Those results suggest
that ATP6V 1B triggers mTOR protein expression in ovar-
ian cancer cells and blocks autophagy.

Downregulation of ATP6V1B1 enhances
the sensitivity of ovarian cancer cells

Tumor cells increase extracellular acidification by upregu-
lating the expression of V-ATPase, which induces drug
protonation and reduces the ability of the drug to enter the
cells [24]. Han et al. [21] demonstrated high ATP6V1BI1
expression in platinum-resistant ovarian cancer tissues. Our
study investigated the potential impact of ATP6V1B1 on cell
viability and platinum sensitivity. Using the CCK8 assay,
we evaluated the ICs, of cisplatin in SKOV3 and A2780
cells after ATP6V1BI1 attenuation. Our results revealed a
decrease in the ICs, from 3.55 to 2.39 ug/mL in SKOV3
cells, and a reduction in ICy, from 3.03 to 1.68 ug/mL in

A2780 cells (Fig. 5A, B). After knocking down ATP6V1B1
in A2780 cells, there was a noteworthy reduction in the
expression of Bcl2. Concurrently, an increase in the levels
of Bax and cleaved caspase-3 was observed (Fig. 5C). Cell
apoptosis was detected by flow cytometry using V-APC/
AAD double staining. Compared with cisplatin treatment
alone, ATP6V1B1 inhibition and cisplatin treatment syn-
ergistically increased the percentage of apoptotic ovarian
cancer cells (Fig. 5D).

Downregulation of ATP6V1B1 inhibits the growth
of ovarian tumors in vivo

To assess the role of ATP6V1B1 in ovarian cancer progres-
sion in vivo, we established a nude mouse tumor xenograft
model using the SKOV3 cell line. Our results showed that
the average volume of transplanted tumors was reduced in
the ATP6V1B1 knockdown group (Fig. 6A). We validated
the expression of ATP6V1B1 and further demonstrated the
link between ATP6V1B1 and the mTOR/autophagy path-
way. The expression levels of ATP6V1B1 and P62 were
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Fig.5 ATP6VI1BI silencing enhances cisplatin sensitivity in ovar-
ian cancer cells. A, B SKOV3 and A2780 cells were incubated with
a various concentration of cisplatin (0, 0.08, 0.16, 0.31, 0.63, 1.25,
2.50, 3.00, 5.00, 10.00, or 20.00 ug/mL) for 24 h. CCKS8 assays
were performed to determine the ICs of cisplatin in SKOV3 (shNC
IC5y=3.55 pg/mL, sh-ATP6VIB1 IC5,=2.39 pg/mL) and A2780

(shNC IC5;,=3.03 pg/mL, sh-ATP6VIB1 ICs,=1.68 pg/mL) cells.
C The protein expression of caspase-3, cleaved caspase-3, Bax and
Bcl-2 was detected by Western blotting. D The apoptosis of ovarian
cancer cells exposed to 1.5 pg/mL cisplatin for 24 h was detected by
flow cytometry
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lower in the ATP6V1B1 knockdown group, whereas the
expression of the LC3II protein was increased (Fig. 6B).
The immunohistochemistry results also showed that the
protein expression of ATP6V1B1 and Ki67 was reduced,
while the protein expression of LC3B was increased in
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the ATP6V1B1 knockout group. However, LC3B expres-
sion may be highly variable among transplants and the
increase in LC3B expression was not statistically signifi-
cant (Fig. 6C). These results suggest that disruption of
ATP6V1B1 may induce lethal autophagy by inhibiting
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mTOR, thereby suppressing ovarian cancer tumor growth
in vivo.

Discussion

In this study, we investigated the role of ATP6V1BI1 in the
pathogenesis of ovarian cancer. We observed the overex-
pression of ATP6V1BI1 in ovarian cancer tissues and cells,
and silencing ATP6V1B1 suppressed the proliferation,
migration, and invasion abilities of ovarian cancer cells,
while increasing the sensitivity of cells to cisplatin. We
also observed that the silencing of ATP6V1B1 promoted
autophagy by inhibiting the activation of mTOR.

The role of V-ATPase in tumorigenesis is well-estab-
lished [9, 13]. However, more research is needed to eluci-
date the role of the different subunits of the V-ATPase in
cancer development to clarify its reliability as a biomarker
and its therapeutic significance. Analysis of the GEPIA
database revealed that ATP6V1B1 expression was signifi-
cantly increased in ovarian cancer tissue, and Kaplan—Meier
plotter revealed that ATP6V1B1 expression was associated
with poor progression-free survival. We observed overex-
pression of ATP6V1B1 in ovarian cancer tissues and three
distinct ovarian cancer cell lines. This finding was consistent
with previous research demonstrating the overexpression of
ATP6V1B1 in non serous ovarian cancer cells [21]. Inter-
estingly, our study revealed inconsistent expression patterns
of ATP6VIB1 mRNA and protein in CAOV3 cells. This
stochastic behavior indicates that the protein expression of
ATP6V1B1 exhibits random fluctuations in cells, in line
with the concept of gene expression noise [25]. High lev-
els of mRNA can suppress protein translation, leading to
minimal protein expression [26]. The differential expression
of ATP6V1BI at the transcriptional and translational levels
in cells warrants further investigation to elucidate its spe-
cific mechanisms. We also showed that reduced ATP6V1B1
expression inhibited the proliferation, migration and inva-
sion of ovarian cancer cells. Ovarian cancer cells may
promote cellular migration and invasion by upregulating
ATP6V1B1 to enhance MMP activity or interaction with
actin [8, 27], but further mechanistic studies will be needed.
In summary, our study further confirmed the oncogenic role
of ATP6V1BI1 in ovarian cancer.

KEGG pathway enrichment analysis suggested that
ATP6V1B1 may be involved in the mTOR/autophagy sign-
aling pathway. The PI3K/AKT/mTOR pathway is a classical
signaling pathway activated by insulin stimulation. However,
amino acids can also directly activate mTORC1 activity
via the lysosome [28]. Under amino acids stimulation, the
Ragulator complex interacts with Rheb on the surface of lys-
osomes; as a result, mnTORCI is recruited to the lysosomal
membrane and activated. mMTORC1 mediates the activation

of S6K1 and 4E-BP1, which promotes mRNA maturation
and protein translation [29]. In our study, we observed
that ATP6V1B1 knockdown decreased the expression of
phosphorylated mTOR. Conversely, the overexpression of
ATP6V 1B led to an increase in the level of phosphorylated
mTOR. The overexpression of ATP6V1B1 induced mTOR
activation and increased cell proliferation and migration.
This effect could be blocked by the mTOR inhibitor RAPA.

Autophagy is known to have dual roles in cancer. Numer-
ous studies have indicated that autophagy facilitates tumor
cell growth, and many clinical interventions, such as the
drugs CQ and HCQ, which are currently used to inhibit
autophagy, focus on inhibiting autophagy [30]. However,
other studies have suggested that inhibiting autophagy in
cancer therapy is not good, as autophagy facilitates the abil-
ity of the immune system to identify immunogenic tumor
cells and initiate the immune response [31-33]. When there
is a lack of energy, mTORCI1 reduces the phosphoryla-
tion of ULK1 at Ser757 and promotes autophagy [29, 30].
Inhibition of the mTOR signaling pathway in tumor cells
leads to apoptosis and lethal autophagy [34, 35]. Although
studies have shown that ATPases regulate autophagy,
whether ATP6V1B1 regulates autophagy in tumor cells
remains unknown. We observed that, after transfection with
ATP6V1BI, the expression of P62 decreased, while the
expression of the autophagy-related protein LC3II increased
in ovarian cancer cells. Conversely, ATP6V1B1 overex-
pression resulted in elevated P62 protein expression and a
reduced LC3II expression. Our results suggest that inhibition
of ATP6V1B1 can induce lethal autophagy in tumor cells,
thereby inhibiting cell growth. These results are consistent
with the study by Yuhong Liu, who showed that gefitinib
combined with rapamycin treatment inhibited the prolifera-
tion of lung cancer cells by upregulating autophagy [36].
Kulshrestha’s research revealed that ATP6V(0a2 promotes
chemoresistance in ovarian cancer cells through the induc-
tion of autophagy [37]. There are three types of autophagy:
macroautophagy, microautophagy and chaperone-mediated
autophagy. Macroautophagy is the quintessential autophagy
pathway and plays a dominant role in regulating the physi-
ological activities of organisms. It encapsulates cellular
metabolites such as damaged organelles or misfolded pro-
teins in double-membrane vesicles, which are then trans-
ported to lysosomes for degradation. Microautophagy
involves direct phagocytosis and degradation of cellular
metabolites by lysosomal membranes through invagina-
tion. Chaperone-mediated autophagy requires the HSC70
complex to recognize proteins with KFERQ-like sequences
and then transport them to the lysosome for degradation
[14]. V-ATPase is essential for macroautophagy due to
the requirement for the fusion of autophagosomes with
lysosomes. V-ATPase enzymes are responsible for main-
taining the acidic environment within lysosomes, which is
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conducive to the activity of various proteases and hydro-
lases. In contrast, microautophagy does not involve direct
contact between membranes, suggesting that V-ATPase
may not be indispensable in this context [38, 39]. Our study
revealed that ATP6V1B1 may play an important role in the
process of macroautophagy in ovarian cancer cells, but more
specific interaction experiments are needed to demonstrate
the role of ATP6V1B1 in this process.

Despite advancements in drug research for ovarian can-
cer treatment, chemotherapy resistance continues to hinder
efforts to extend the survival of ovarian cancer patients.
Cellular epigenetic modifications, apoptosis dysregulation,
reduced drug transport, and drug target mutations are poten-
tial factors leading to drug resistance in tumor cells [40, 41].
Normal cells have an acidic intracellular pH and a neutral
extracellular pH, which favors the uptake of basic drugs.
However, tumor cells increase the expression of V-ATPase
to resist alkaline drug uptake. Inhibition of V-ATPase inhib-
its the proliferation of drug-resistant ovarian cancer cells
and enhances their sensitivity to trastuzumab [42, 43]. Our
findings indicate that ATP6V1B1 knockdown increases the
cisplatin sensitivity of ovarian cancer cells. This process
may be affected by the acidic intracellular environment or
by cellular autophagy.

In summary, our study indicated that ATP6V1B1 is an
oncogene involved in the pathogenesis of ovarian cancer.
The suppression of ATP6VIB1 expression can inhibit
mTOR activation, thereby inducing lethal autophagy,
which in turn inhibits cell growth and enhances sensitivity
to cisplatin.

Conclusion

This study revealed that ATP6V1BI1 is an oncogenic factor
that is highly expressed in ovarian cancer tissues and cell
lines. The overexpression of ATP6V1BI1 contributes to a
malignant ovarian phenotype and cisplatin chemoresistance
via the mTOR/autophagy pathway. These findings suggest
that ATP6V1B1 may be a potential biomarker for cancer
prognosis and a therapeutic target against cisplatin chem-
oresistance in ovarian cancer.
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